A new solution method is proposed for the analysis of an undulated plate of finite thickness subjected to in-plane loading conditions. The method treats the boundary conditions on the undulated surfaces by using a first order perturbation method, where the deviation of the undulating surface from a reference plane surface is treated as the small perturbation parameter of the problem. In order to satisfy the boundary conditions on the top and bottom surfaces, solutions of a semi-infinite body are alternately applied, where the solution procedure utilizes relatively simple analytical expressions without tedious numerical calculations such as arising in the finite element analyses. It should be noted that an arbitrarily undulated surface of a plate may be approximated by the superpostion of twodimensional sinusoidal waves having arbitrary wave lengths, directions and phases. This means that only certain two dimensional solutions are necessary to construct a fully three-dimensional solution. The solution accuracy of the proposed method is examined by comparing the present results with finite -element solutions , and illustrative examples are also given for the stress analysis of a plate with slightly wavy surfaces in three-dimension.
Introduction
Structural failures often start from irregular surfaces caused by imperfection due to welding process or corrosion during their service lives. Although numerical methods such as the finite-element method are used for stress analyses, these methods are usually very tedious and time-consuming to calculate the stress distribution near the irregular surface because of the considerably different length scales involved in the problem, i. e. ; the so-called multi-scale problem.
In order to overcome this difficulty, a semi-analytical approach based on the combined first order perturbation and alternating method is proposed in this paper, where attention is focused on the stress analysis of plates of finte thickness with undulaing surfaces.
Stress concentration at slightly undulating surfaces had been investigated by Gao1) using the first order perturabation method, in which undulating surfaces are perturbed from a reference state which is perfectly flat. He applied the method to a half plane problem in two --dimension and half space problem in three-dimension .
Later, a second order perturbation method is applied to two-dimensional problems by Sumi2) for the accurate determination of stress gradient and stress distribution in stress concentrated regions.
In the present paper a new combined first order perturbation and alternating method is proposed for the analysis of stress concentration in a plate with slightly undulating surfaces, where the perturbation method is applied to satisfy the bound- (8) where ƒÐ(0)ij)) and ƒÐ•} (1) 
where (22) The stress, ƒÐu (1) 
We may discretize the integral representation of Eqn.
(3) in the following form ;
where the wave lengths and wave directions are separated into in and n discrete components, respectively.
Then, the solution corresponding to Eqn. (34) will be expressed by (35) It has been shown that the first order perturbation solution of a plate with arbitrarily undulated surfaces are obtained by the simple integration of Eqn. (33), which is based on the two dimensional solutions without using a fundamental solution of a three-dimensional surface. This result stems entirely from the linearity of the first order solution with respect to the undulation. The validity of the proposed method will be discussed in the subsequent section.
Illustrative Examples and Discussions
In order to investigate the validity of the proposed method, comparisons are made with finite element results for two-dimensional problems. Then, relatively simple three-dimensional solutions are illustrated and compared with the analytical solution for a half-space based on a fully three--dimensional formulation.
We first consider a simple two-dimensional example, where the top surface of the plate is defined by (36) In the following calculation we assume the symmetric surface undulation with respect to the middle surface.
Numerical results of the stress concentration factors at the wave trough are made in Table 1 
